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Abstract: The cytochrome P450 monooxygenases ( P450s, CYPs) constitute a large and complex
superfamily of heme-thiolate proteins, which are responsible for the oxidative metabolism of structurally
diverse endogenous and exogenous compounds. In this review, recent progress in Bombyx mori P450
diversity, multiple functions, genomic distribution, intron-exon organization and the evolutionary
relationships to P450s from Drosophila melanogaster is summarized, and the proposals of B. mori P450
study are also put forward. In the silkworm, the paralog count for P450s is lower than those found in
other scavengers and omnivorous phytophagous insects, but substantially higher than that observed in Apis
mellifera. The distribution of B. mori P450s in the genome indicates that most of them are tandem
arranged on chromosomes. There is a relatively good correlation between intron-exon organization and
phylogenetic relationship among these multiple P450s. Comparison of the P450s from B. mori to the
P450s from D. melanogaster reveals that there are 10 pairs of recognizable orthologs and the P450s in
CYP3 and CYP4 clans are present with species-specific expansion. These diverse P450s have been
demonstrated to be associated with growth and development, tolerance to fluoride and resistance to
insecticides. The silkworm is a good representative insect of the order Lepidoptera, and it is so expected
that it might found theoretical basis and model system for developmental regulation and resistance
management of other insects, especially for lepidopteran insects, with the further study of B.
mori P450s.
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THEYKRPFZEE Aamd iR, REARPRERD)
REZ R A W 1L5R] (Coon, 2005) . BEXTRAEY)
T AR BT B RN R R P2 M A A
WABYRWZY, EE25T B RIERNARYRH
. B EEFARIR S NI A WA LS A
(Scott et al., 1998 ; FREZ4E 2009) , ZX A Bombyx
mori JEBEH B B R4, 853 EH 2R R K
FB_RE, HbirZMEERBEBIRER L F
W, ZREYMEAR PAS0s IR FTR2 0 B A T
S5MNEHEACE WA BTt P A ML B R AR M B
I, W e HEBEH B F R AW BIRHEAR

K. FRRRBRE—NHEST T 2ERANFH
BEHERR, RKEHM AR P4AS0s BBTIE t kil 3
AT 3R A 2B,

1 Zx%& P4S0 BIF 5 B

AL ZF 2011 4£ 4 A, 78 NCBI (http://www.
ncbi. nlm. nih. gov/) & FHFE & P450 EEEH
102 FEHEFFY, P aH 85 FX&FS, 17
#BFFR & Bombyx mandarina J§ 3, &3 L X4 H7
RUAFBRPEA N2 MERBITEER, HRRE
A 16 MEFRWEERE(ER D),

®1 BRIENRE PSSO ERE
Table 1 The cloned P450 genes in the silkworm

Fri@& R Clan

HHZFR Gene name

CYP2 Clan (5)
Mito. Clan (4)

CYP339A1, CYP302A1, CYP314A1, CYP315A1

CYP307A1, CYPISCI, CYPI8AL *, CYP306A1, CYP305BI *

CYP366A1, CYP337A1, CYP332A1, CYP6AUI *, CYP6AWI *, CYP6AB4*, CYP6ABS *, CYP6AE2 *, CYP6AE3,
CYP6AE7, CYP6AES*, CYP6AE9*, CYP6B29*, CYP9AI9*, CYP9A20*, CYP9A2I *, CYP9A22*, CYPIG3

CYP3 Clan (18)

CYP4 Clan (5)

CYP4MS *, CYP4M9*, CYP4G22, CYP4G23, CYP4L6

WS T B AR T R, * RPTFEM P4S0 S EF WD mES R, BT CYPOAE iy & B NIREL, WA RIEEE RS
Nelson (dnelson@ uthsc. edu) 3R HFFHEAT T 654 %3, The number in bracket indicates the amount of the cloned genes in each silkworm P450

Clan, and the alleles marked with an asterisk are also cloned for Bombyx mandarina. Based on the silkworm P450 genome sequences we submitted to

David R. Nelson (dnelson@ uthsc. edu) , the names of CYP6AE subfamily were adjusted because of their confused names.

B o< A B R 4H I P/ S8 B, L 45 (2005) AR
P 6 x AR TR R A0, HENRERE
R4 A 86 A P450 A, 434 T 60 4> Scaffolds,
TE4G Scaffold R LE 2 MG, RA I PAS0 £
R ECHER IS, IRt T RER A B
FAEVFZ gap FT3L, 7EMLEAL |, Nelson AR$EHE A
BRI 7 5 R X 4007, IR EBHRASR
79 4~ P450 Z: A ( http://dmelson. utmem. edu/
silkworm. html, 2004 47 A), Ai & ( 2011) {2
9 x B PR 2 B8 I R itk — 2 B R 4H 22 40 #r, 45
RIGRBFER L h3LA 84 A~ PASO L[, HrA 78
MOIREEEE, 6 M RERRER . RIEEERITFY
HIAR IR R € T B R IR 5 W 5KHE , X SeTh B2
RAT 4 26 Mo, 47 SR, $#2ACEFR P450
MABEASFEANGT T IEX 4, T MK
BRI (B 1), HhERBEREZ KGR CYP6,
EEATMERE, 14 MIRRERA, 2 AT BRI
R, CYP4, CYP340 1 CYP341 £ Rk E R ¥ =
Y. CYP6B, CYP6AE, CYP6AB, CYP9A, CYP340

1 CYP341 558 R B 5 W S 83 B B e A o
3 S TN R A R A A, AR BT 70 MK
FE, KA EE A P4S0 H[H B & H R R
Drosophila melanogaster ¥ 91 /~B& R g /b, 1B LX)
H IV #% L Anopheles gambiae ) 112 4~ 38 K R I
Aedes aegypti ) 164 4~ 7% L & ¥ Tribolium
castaneum [¥] 144 AW B Y/, HO P 5 8 % Apis
mellifera ] 48 /| B {2 3% £ ( Tribolium Genome
Sequencing Consortium, 2008) , X FE RZK NWF&E
EEEHEMEERE, MK T, R &S
FUAEDHRAEENEERE AT
BERE, RBtEEEHERZ —, FEAEZN
PAS50 BE[R SR X AH X 52 24 B A 1S A BE, TP 5
BEHRRZAREREE S MR R R AFEN R
P, i bERE R SR ESATEIT I RET
H5RE BRI 3 AN ERFREE B
U 7> ( Claudianos et al., 2006; Robertson and
Wanner, 2006) , {H1542 1 2, ZREHRNE53 H
FEE D FRES B Helicoverpa armigera 5 ELHb 57 7% 19k
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CYP49A1
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CYP302A1
CYP314A1
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CYP315A1
CYPGAES
CYP6AE4
CYPGAE7
CYPBAE3
CYPBAE2
CYPGAEQ
CYPGAES
CYPBAV1
CYP6ABS

CYPBAN2
CYP6AB8

CYP30341 0.2

CYP4G45
CYP4AU2
CYP341B1

CYP341C1
cvpastae &
CYP341A5
CYP341A7
CYP341A1
CYP341A3
CYP341A4
CYP340B1
CYP340F1
CYP340C1
CYP340E1
CYP340D1
CYP340A3
CYP340A1
CYP340A4
CYP340A2
CYP340A6
CYP366A1

CYP367A1
CYP367B1

1 ZF& PASO REH R I RGN
Fig.1 Phylogenetic tree of the functional P450 genes in the silkworm
i ClustalX1. 83 1 MEGA4. 0 #4775 xS FIgE LA, HEALRIH Ty UPGMA ¥, bootstrap Ky 3 E & 1 000 Yo [RIIRAMw B 45 2 4 B
JBHY 4 NARRIE B P450 42 (Clan), Bi: CYP2, CYP3, CYP4 FIZRbiik4EH (Al et al., 2011), CYP6AE3 Tt R H HINAER N,
Sequences were aligned using ClustalX 1. 83 and the phylogenetic tree reconstruction was performed using the UPGMA algorithm in MEGA4. 0 with a

bootstrap of 1 000 replicates. The P450 genes were marked for each clan (i. e., CYP2, CYP3, CYP4 or the mitochondrial P450 clan) on the circle.

CYPG6AE3 was proved to be a functional gene by molecular cloning.

Spodoptera frugiperda ZEFAFHI T LR EELZH
P450 S #IP 4 (d’ Alencon et al., 2010) , FA I3
H PAS0 BB R BN HREL

2 XR&E P450 HIThRES R

P450 Ty REHY ZAE LR H AN B AR LA IR
VIR T R E . EA MR R, K&
P450 FE [N —J7 T A AL A0 18 W0 B R . R4 45
TEN BN TR R AL S TR S AR, 435 A1k
IEWATINGE, 7 —Jr HEL AR B Y

WA BACY)ELEN B9 5 AR M) B A,
A WA TE IO A 1 R B A AR B B
2.1 BEHEEENEHRSRIBE

B BEXNBRARK. KEMEHAEEZRNH
EAER, JUHEX B A S, HET—2p5
KPR BRAMEE PASO RES 5 THRBENS
I RSTAW IS

Xof SR 05 FY) Halloween 28 7% 58 1 i (R i BF 5% &
W, TELRRER R CYP2 21 (Clan) h 2= /DA S
A~ PASO BRI 433012 5 T W BCBR A B AR TR 25 3%
(K 2. A) (Rewitz et al., 2007 ), Cyp306al
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( Pantom ), Cyp302al ( Disembodied ), Cyp315al
(Shadow) #11 Cyp314al ( Shade) 5325 T )5 4 /1~
A, B 2,22,25-= i W8 K2 B (ketodiol , 2,22,
25-dE, 2,22,25-trideoxyecdysone ) & i H A AL 15
P - f R (20E, 20-hydroxyecdysone ) F) 5 i i3
. K& m) [E) IR & [ ( paralog) CYP307A1 ( Spook ) ,
CYP307A2 ( Spookier ) #1 CYP307B1 ( Spookiest ) 2 5
TRHRB R MERG B FE “ BEF (black box)”
B R — 25 B, B drga] = 7 SRE OB (-
dehydrocholesterol , 7dc ) 4k 5 23 — H ] 724 2,22,
25 - = [l S S R ) i 72 ( Omo et al., 2006) , H T,
AIER BN LA A P4A50 J F H i) B 1) [R) R
F:A (ortholog ) 75 2N /¥ 5 Th REAF 5% (& 2: B),
Horike 45 (2000) R M EX R WM IG K F it B b
6 Bz Y84 2% -20 - B 2 Bl ) 3 PR KR T 4l iR €, R P40
ERIFEFH R B, Maeda 45 (2008 ) M5 7 B Hh o2 &
183N T CYP314A1, 'CFEAR T 90 5 I 3 /4 J5 40
R B, EHEREBERER, HEHHT
JGEE 7R E T, #E—2 AFRIE R RIE
RGTE SO Ml hRBIZEH , ZEHBBR o8 K
F (ecdysone, E) FALRL B-Bi fe &K, RIXER Ky
C-20-78 % 1k B ( 20-hydroxylase ) #t [K, Niwa %
(2004 ) 7£ ¢ 7 Hif M iR b SR RE 1S 2] T CYP306A1,
Northern %32 73 Hr 3% B i BL Rl R 3K 5 W50 Bz B & AR
BEAHR, ET S2 MM R R T EREH
ketodiol #5# i}, ketotriol, H = FE B iZF KN 415 C-
25-F2 KAk B (25-hydroxylase ) , Niwa 45 (2005 ) 1 FH
B4 AR MR B ST 2K cDNA SCEFURETR 3
CYP302A1, ZEHNRIKXERE 5 BihH LiESE 1
Kik B R 35 W (EH, T H A8 Bk 12 A0 M AR 3 R
(‘prothoracicotropic hormone, PTTH) ffif% 5, [F4E
S2 Z A G 7 EE RN 2,22 SR B IR AL L
2 A W K R, SRR B R R Gk C22-R B AL
(22-hydroxylase) , Namiki 4§ (2005 ) F| 7% Yednic
Zr WA ARMIER B S 1 &) HUS) i 3 B B 59 B
MafR BB R AT RIR M TERE, B8 T 55—
Halloween X3 [K CYP307A1, MFE:RFIK. Wi
PR 5 0LH0 M R R (PTTH) 5 50 401, #E
EER N5 oK R R B A R, Warren 45
(2004) ZEXF 2 % CYP306A1 HATHF5ERT, Hula]B 5E
153 T 55— Halloween FKjiGEHE: K CYP315A1 , %
ERMREEGERBERAG LB RS ETHEE—
2 (Namiki et al., 2005 ) , 2% K B E 0] 7 PR H
TR P REH 25 S0 B R (2dE) #4605 B2

BWR(E),

B IR PASO Z: NS B R W R R & A
%, M Hi& 2 5HAE 5 #. Hurban Al Thummel
(1993 ) 38 3 Wi 7 P R X R TE R, 456 cDNA
THIR ARG B — A~ 5 W1 J B R A B A Eig-
17, % # K& CYPI8al ( Bassett et al., 1997),
Davies 4§ (2006 ) & Bt % ¥ H B H K 3 &% #
Spodoptera littoralis ) B[] [B] YR K CYPISAI BE#%
JE B4 7] RH-5992 155, Guittard 45 (2011) #|
F RNAi 546 A P Joff( P element) J7 ¥ 53 513K
W Cypl8al , REF=LES) MU B HTRIEK, FLIFH 2
EXEM IS, AR AR PR RN BB BB 1E 8
ReEArR i L B — S B PR U {E . 3 5 GALA/UAS #%
ERRGMEZERERRE, AI5EREREL SR
FeTs, DRFENE RIS T . AR S2 4R B
ey, &I Cypl8al REKA TETER B-1 K R AL
BARTE PR 20, 26-— Wi B2 R (20, 26E, 20,26-
dihydroxyecdysone ), & C-26 ¥ % b B ( 26-
hydroxylase) , [A]E, %% H & e — P L TE B
A PR K2 B2 (20Eoic, 20-hydroxyecdysonoic acid) o
CHSCEE (2008 ) 3 ik 5K 7 AL IR 20 T ) 37 v R4S
B THRE CYPISAL, BEHREEM G REAEKN
WE 2 R S8, HABMABE I 2 X
IR AR, I 2L H 2 C-26-F2 FL L g 3
I, Hossain 45 (2008 ) | ] 248 i e B R 5 IR
7% 5 B4 B SLIRE ST cDNA UETRRER TR E
CYP18al , JRfi 432 R BiZ BN TE R O R Rk, H
[FIHEAE R BACIR R IA B — Rk,

IeAh, FRATH R F0 551 5 5% EST £
PR, R T —DMRRREE R TER S
%, SR TERE T %A CYP339A1 ( GenBank & 5%
5 NP_001121192.1) , EHaiH84: (2010) XF 208 Jz
WEBESISIREIRS PAS0 EFE TR, 255
TERR A Fr A I B T B R ) e e RIS R
ZHAH EL A SRR LA T 421 4%, BT AR % 2L R AT
RES R BB PR NB A BIHRKR,

2.2 BERPHENER

134132 (juvenile hormone, JH) 235 ¥ 1
HEAYE, BARFYEIES. R, (4 H
BR B B E A AR R R SRR, Helvig 45
(2004 ) M\ K SEH 438 i Diploptera punctata WR )14
7 900 £ 5% ESTs Hfk i — 2% P4S0 EEF 73, Bk
i R CYPISAL ;% He R 5 SR 08 (1) P4 5038 [ il 55
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(2,22dE)

B

TeCYP3i4a;
AmCYP31447

BmCYP3024,
MsCYP30241
BICYP302A1
TeCYP302A1
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DmCyp302al
AgCYP302A1 d
\ die
CYP302AT 0
a2 pisem?

Aacvpaou:

AgCYP307A1
DmCyp307al

D,,-.cyp307a2

1
BmCYP307A
SicYP307Al

AgCYP3144; paCY
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Spook, Spookier, SPookiest

ECDYSONE

ECDYSONE (E)
(2dE) (20E)

paA
mCyp3142! p314A1

BIM G yp314Al
SICYP314A1

o C{?’ﬁ“”“

SEI
Aa‘-“"% AgEY p315A

DmCyp315al
TcCYP315A1

BICYP315A1
MsCYP315A1

Shadow BmCYP315A

Phantom
AGCYP306A1

AaCYP306A1
DmCyp306at
AmCYP306A1
TcCYP306A1

Bmcypzpg,
A
O/% Msc

B2 Halloween ZJ B[k [F] IR PA50 ZE[N 25 B s bt B2 3R A A0S A8 (A) B H ARG (B) (5] B Rewitz et al., 2007)
Fig. 2 The biosynthetic scheme with the functions of the P450 genes encoded by the Halloween genes (A) and

the phylogenetic relationship of orthologous insect P450 genes (B) (adapted from Rewitz et al., 2007)
Bm: 5% Bombyx mori; Ms: HHELRMK Manduca sexta; Sl ; IRk Spodoptera littoralis ; Dm; B 548 Drosophila melanogaster; Ag: X IV UL Anopheles
gambiae; Aa; B F AU Aedes aegypti; Te: FRIUAEE Tribolium castaneum; Am; Vi J58EM&E Apis mellifera. [RFREIMEFTA P450 3134 A NCBI (http://
www. ncbi. nlm. nih. gov/) F#, The amino acid sequences of insect P450 genes were downloaded from NCBI with exception of BmP450 genes.

HILEHR R, ABR 2E-6E-H Bk e MR HiE (2E ,6E-
methyl farmesoate ) # 4L JHIL, EHEIL/EA; %
L R 7 MR 0 4 v 2R 5K AR Ak 38 AR S 8 R B U (]
WG, XEERRNZEFRE=YARGEERE
B FRE AL B (epoxidatase ) o 38 i Z A& P450 A
HEFWNER, KEPFE—AHE M FFEH
CYPI5CI, BRI T 1 CYPI5A1 A 43% 1)
[F]—E (33, 2008) , BUAEE B NS MM A
B3] T 7fE (GenBank & 5. NM_001146725.1) ,
ZEREFZREERNATENR 111 WERFETHERX
F, HEZXEBPRIEART T T —PLRIEE,
2.3 5:E4wmEEkThee

Tl A B FAL ) 75 Fe Xt ol AR 7= i ™
fEFETREII AT ZRE, K (2010) K
B IES R T6 ZEFHR)E, THARRNH
Mt R PASO S X HRA R 3 ~7 A%, WX fuak

R T4 FERERAARUE, B PAS0 5K EKPIHR
PR AR, ZMAMARZ AR DS 57
MRS PASO BAHR M — B, 3R PASO B
BTG P 5 Z A . PREAESE (2006 ) 5@ i Northern
PRI IE RBNEF R A B CYP305BIvl BEBHALY T
FMFAEIE R . Zhou 55 (2008) FZLE 7 B
AR X R B PUME M R S HURE R P AR AT
HEGT, SRR O R PR — R
PR VK AW S RES B — DK & OPASO A
CYP306A1, SZit €t PCR R W%k R 7R Btk i &
hEAREREM; X aEPE. . R, £
HR -\ BT NGB T E B PCR i, S55R%
BB RE P MR R RIK . AR %E
Rk Z C25-FEALME R, 55K & B MR A B
X, Hr—HRWT PAS0 EFEMIKY) ST
RERIZHEME
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2.4 RHAFIWIFESRIE

AZEXT R A BB 5 — R H R R R
YRR, (EXTR B T 2 H R R R
FIHL ST . EFHELLAE (2009 ) X B R AT IR 36 R
BT, R CYP4MS 79 Jig Fifig i 1k b 2R3k i1t 439
Hehn 1.1 F5F0 4.4 £, BXAERAE (2010) A FH A &S
BESREr R, DIAHESSH BET 50 (PNOD) 76 14
K PASO B, 255R3RIAVER 24 h 5 PNOD #EHfz
HITE PG N T 12.2% , ZERR AR g 3E P3G n T
18.7% ; X CYP9 [ i Rk /K V#4724 & & PCR
TG AL, CYPIA21 EH ) mRNA Rk 2
Nt BRIK2. 145, CYP9A20, CYP9A21, CYPIG3 TERs N
fkH mRNA Rk &40 72X B 1.9, 3.5 f1 1.4
o XLLLEIR ] PAS0 BEG PSR 5 R1A LT BB
5B 2 75 X% 35 R 28 % AR O A 1 R A OGS
Yamamoto 45 (2010 ) 1) F§ — 8 4% ( diazinon ) . N, H Mk
(imidaclopirid) | 5 %4 i ( permethrin ) £ [/ 8 B
AR5 AN KB HAITES, RS TR %
425 CYP4MS, CYP4G22 ( CYP4G25) F1 CYP333A2
(BGIBMGA005356) , it Hibk5 CYP9A20, CYP4G22
1 CYP333A2, *EG 4185 CYP4G22 F1 CYP333A2 2.
2 FERRE LIHMERR, H CYP4622 W 1E
ML mk, FEEBHE T 45 LRSS 3 M
8.9f%,

3 R P450 1otk

Gotoh(1993) 1Ak P450 B2 1E T AR B RZ 5
HRAEMEN, 2R EHY T ENEBRZ —,
HETETA PAS0 B K Ry & M — vy 22 58 R 2 A T
., TEZR B Caenorhabditis elegans ( Gotoh, 1998 ) |
BIER R (Tijet et al., 2001) SRR P, Fe[H 52 ]
& PAS0 BEF BT RS, KNS FEHWENR
e8RS
3.1 R#FEP4S0 HEBESHET

Ai %5 (2011) F|FHZ & P450 Tl P55 R A 5
RIZH P9 A7 Ee Xt 23R, 84 4> P450 B [H 4347 T 36
MR Scaffolds, Horp 80 AT EALE] 19 A [F]
gefafk b, 50 A~ P450 Fe[R 23 Sk B AHE By HEK
HEF, anks 3 NERR BRI E SO B, WK &R
FEAE 8 MEERE, a7 38 MR, 6 MEEREH
B S AL H A, BB X S R = A H RN A
Tl ek 2 HR AR X 25 32 4 5% (Nelson et al., 2004) ,
IR, &2 IR PR o 2 B P DUR BB ARG 3 — 0 1Y

FIONRES O TIREA, KRBT T, RAESN
P, HEMP= A A P 2 B 2228 1 AR 2 (] (Force et
al., 1999) , J KM EFHEA T 26 SHEK K
CYP340 B:Hf%E, 4 7 MIREERA, 2 MRER,
HAh, BERT —MEEEFE, BEE 2 MR
K3 H CYP333B1, CYP333B2 5 — /i ik 2 A
CYP4L6, EAIZ AR —MHER 1 NS T, T
X—NEFH CYP3 £ Y5 CYP4 £ HF ) P450 3
HErits , X RERPRGERENEREHR,
— IR T R P450 & OB i PAS0 34k
R HHERT (Omura, 1993) , Ai 55(2010) B IR SEHIE
LT FHRE 1T SYAMK E CYPIA FRFHE, Hr
3 FIT MR BRRER, B— N RI7 %
SREERIE 4 SRR SRR SRR R A B, T E
X 4 ANEER B SE AR R R/ NG T B S HE , BRI
it s 2Ry, WEAAIPMHNETF, 10 MR
T, & T 3 WEHEM, Kb 1 ko mEH,
3.2 REPHSOHRNEF

Gilbert(1987) %4 $2 i RFE R R N & FH — &
At e B #E s, Ai 45 (2011) FF wise2
R X 5¢AR PAS0 BE[RIHEAT B R 450 70 A, AR AE
HZ50 5 REFH UM Z BIFFE B HHRR, B #
PEEHT , BERZEA AR L, HEALEE B miE, B
SEMZERK, KA PASO HEMNE F5RBLY
M, KBNS F (P 200 ~1 250 bp) L REE(F
¥750 ~70 bp) K, HNEFHE (4 kb CDS i &
KRS T80 5SHEFHEI(4 kb CDS FR &N
BT 8 kb B0 WA, X5 R H B
£ % (Rogozin et al., 2003) , Ai ZF(2011) B KT
KAz PASO BLRLRSFI 3 M BN E T, B8
AR B HUAE A PASO BRI, RUIX AR AR
P450 FERTERIR LAF7EE —E R R . SR XELL
RIXFRSF N & T (Tijet e al., 2001), XFEEE
SRERAY PASO BRI EHEAEN S FERIALA K,
3.3 5HMEREFESA PIS0 WLLE S

FIFRZ 550810 P45S0 BL R TR R 4H 2 1
BT (Al et al., 2011) , FESHMEALE YA EAHE
* CYP3 2P CYP4 SEHIH) PASO ZEF I 1E R
By, Ho CYP3 £ FE 55MEAE WA EAHE
K, CYP4 LN EZ 5K AW R A X
(Feyereisen, 2006) , g CYP3 £ 7 ) PAS0 R [H
BEWFREZL, (H CYP4 £ H M PAS0 ZER Bk e
K&, ENTERGHAS PRI T F)E R
s, ELUR e Z ML FE R B R EER, X
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EEMINN & B AR AR SREXNZ 1%
BRI, BEFESRNEY ARG HEXH
CYP2 S A 52k AR5 A B PAS0 e R % b RE
AHAE, FESEACRT L] LLZ 43 FE Halloween KK FE
M 10 %F B 1 R ¥ 3 B ( CYPISA, CYP303A,
CYP305A, CYP306A, CYP307A, CYP3I5SA,
CYP301A, CYP3024, CYP314A 1 CYP49A), 15
XEOEC R P 2540 5 DI RE DR <7 Pk o 4 0 2 1B 7 2R AL
IREER E I T iy CYP12 558 CYP333 [ H A
FPRFEEXT, CYP333 Wi Fl CYP12 —k 5 7AW i

A X,

ot BOREREAZ B MR LS
(microsynteny ) 737 (Ai et al., 2011), F& ., T
T ) CYPISAI 5 CYP306A1 FEAESMEARSE, ©
M3 FRERW 10 5 FTEER 13 SRS
WX ek b, WEFEMBEERT (B 3), B
AT ENYEe LMRE—M, EXRES, CYPIS =4
TSI B, KEERARIKE R BIE
7R CYPISBI REMElF /IS BURIERIR, H#EMA]
RESMER B A BATA X (Al et al., 2011),

98 BmCYP18A1 —————— P
100 DmCyp18al ~ ——— P — S
AmCYP18A1 W —
BmCYPI18Bl — 4o A @0 @ Ay
AmCYP306A1 P o o A
100 BmCYP306A1 ——— A&y
56 DmCyp306al s-e

0.1

K7 B. mori CYP30641
Cluster spans~78.25 kb B

Vil B A. mellifera CYPI8AI
¢h10 Cluster Is}ga.ns»é.% kb2 —ch13
FEHERR PR

SRR D. melanogaster Cyp306al
Cluster spans~6.18 kb 2 - ch X

gﬁﬁgjﬁs&zw w TP T84l CYPI8BI Genes 2-3 kb CYP30641 A 3 kb Coplsal
FEBRAN FHE AN FEH IR/

K3 BH CYP306 5 CYPIS EREH SHAM/RER (5] H Al et al., 2011)
Fig. 3 Intron-exon organizations and physical locations of CYP306 and CYPI8 from

different insect species (adapted from Ai et al., 2011)
0,1 FI2 HAETFHHH “@®”, “A”F1 “V”H/R, Phase zero, 1, and 2 introns are shown by "@", " A" and " V" | respectively.

4 NNagERE

Y e R P450 1R B i = R 5P A
KMBERAREZ —, SRR EEEFEEN
ER, RN REARKEETHE T RENID)
fE. H LARANATLIA W, 78 P450 FH 3k
i, 5EAA K R F A S F Th BB A X PR <F,
SR AE O A 25 PR VR U R B RURRBR I AR K
B BB > MRS N o 57 84 > PASO R
BES5RIEPIEMEK CYP3 il CYP4 SEH 1) PASO 3
RP=E KR BRRE S, BERE, HAETENZH
FAE—ERENRYEMTESESE, £ LR
B —E R ITUAR, HHA S0 R Ryt 7E X
AR BERE 7 B EL A 58 1 3P (Scott and Kasai,
2004) . % P450 K [F BB 4 £ FhOR [R5 4= 4 BT
BT, DB AN 22 A A ) [ 5 Bk R B 58 AR A5 v 3k
PRIZH 8, T A= 4 A o2 X 4 55 B 55 1 7S D7 A 4 i 32
FERIB B R i %5 2 (Feyereisen , 2005) , H—3&

PR FIEEL Y PAS0 BRI 7E— & & M15 5 T Rk X
B AR AR — P BB i1 48 1938 B AL ( Snyder er
al., 1993)

BERESEY RS REY, — TRk
A B SR S B A T AR K R BT AR XA 1 B
HATHIL, 75— T XREFIFH B B i 4 B8 T 1L
il 5 7 75 B R AR AL ) P A R B Y BOR 1T E 30
R B, B P450 RN LAEE 3 SHEYIR
ERBYROREER, THEAHREHELRS
5TV (eavesdrop) Y7155 KIGIL B &
fRTEREIG TR, . EINARES H Helicoverpa zea
# CYP6B A (Li et al., 2002) , fii# P450 FH 2
H5R AR BFEVLEIRFE, —&SHEshE RGN
FFREHERHEL, ZBENEENETR R
LR BN, 5 — 58 T A5 B4 W5 1) 5
HES, HERA P P450 EE 215355 40
SINREMBIAL T, F S S5 5L R 4 2R R
RIS HEEARZ 5INEEZFER P450 B F $E17Th AR
Ik 5 % A B9 2 BUH ] B ( Hemingway et al.,
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2002) . 58 H B R FET Z R R (4
Alengon et al., 2010), 4 CYP9A, CYP332A1 %3k
TER A G H A LA 533 B B A R 24 R 4R
PERF R R o T b 3 IR 4l 2 AR 5 ] R R MR
A B B ST AR A, R A& P450 B
IR AR B 85 B R A K KT | btk
TR LA
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